In order to determine the safety or otherwise of amlodipine, we evaluated lipid and lipoprotein indices as well as fibrinolytic parameters in Japanese hypertensive patients undergoing amlodipine treatment. Lipids, lipoproteins, tissue plasminogen activator (t-PA), total and free plasminogen activator inhibitor-1 (PAI-1) and t-PA-PAI-1 complexes were determined in twenty-seven patients with essential hypertension before and after 3 months of amlodipine treatment. Plasma renin and noradrenaline levels were also determined. The mean systolic and diastolic blood pressures and heart rate were reduced, while the plasma renin and noradrenaline levels remained unchanged after amlodipine therapy. Triglycerides, very low density lipoprotein-cholesterol (VLDLC), total and free PAI-1 levels were significantly reduced, while the levels of total cholesterol (TC), high density lipoprotein-cholesterol (HDLC), low density lipoprotein-cholesterol (LDLC), HDLC/TC ratio, t-PA and t-PA-PAI-1 complex did not change from their pretreatment values after amlodipine treatment. There was a significant positive correlation between HDLC and t-PA-PAI-1 complex levels after amlodipine treatment. The findings from the present study show that amlodipine is effective for the treatment of hypertension and does not cause reflex tachycardia in Japanese patients. We also found that amlodipine treatment is a safe antihypertensive agent characterized by beneficial lipid changes and enhanced fibrinolysis in Japanese hypertensive patients. The direct relationship between lipid levels and fibrinolytic function seen in this study has added to our understanding and knowledge of the pathogenesis of atherosclerosis during antihypertensive pharmacotherapy.
INTRODUCTION
Amlodipine belongs to the 1,4-dihydropyridine family and is structurally related to nifedipine. The clinical pharmacology of the antihypertensive action of amlodipine involves a direct relaxant effect on vascular smooth muscle. The effectiveness of amlodipine in lowering raised blood pressures in hypertensive patients has been demonstrated in various populations. 1, 2) Studies on lipid and lipoprotein atherogenic side effect profiles of amlodipine 3) and other calcium channel blockers [4] [5] [6] have been documented, and some of the results from these previous reports are controversial. Some of the previous researchers 3, 5) showed that amlodipine or nifedipine either had a beneficial or no effect on lipid and lipoprotein levels, while Trost and Weildmann 6) observed that calcium antagonist therapy may induce adverse changes in lipid levels. Information on the effects of calcium channel antagonists on fibrinolytic function in hypertensive patients is scanty. The few reports available show that isradipine either increased fibrinolytic activity 7, 8) or had no effect on fibrinolysis. 8) Meanwhile, detailed reports on fibrinolytic function during amlodipine treatment of hypertension are yet to emerge.
The present study was therefore designed to comprehensively evaluate lipid and lipoprotein indices, as well as fibrinolytic parameters, in Japanese hypertensive patients undergoing amlodipine therapy. The results are intended to reveal the safety or otherwise of amlodipine therapy.
MATERIALS AND METHODS
Patient Selection ---Twenty-seven (17 males and 10 females) Japanese patients aged 45-79 years with mild to moderate essential hypertension, who were referred for cardiac catheterization because of chest pain and/or electrocardiographic abnormalities which revealed normal coronary artery without spasm and normal cardiac function, were selected into this study. All the hypertensive patients were newly diagnosed and had not been previously exposed to antihypertensive therapy. The diagnosis of essential hypertension was based on the WHO criteria for mild to moderate essential hypertension as described previously. 9) All the patients had their diastolic and systolic blood pressures measured in the sitting position throughout the study period. The patients were not on any dietary regulation throughout the study period. The female patients were neither pregnant nor lactating mothers nor on any oral contraceptives. Upon selection into the study, the patients were placed on oral intake of 5-10 mg amlodipine per day for the entire study period of 3 months. All the patients that had diabetes mellitus or any of the complications of hypertension such as heart failure, stroke and renal failure were excluded from this study. The patients were not on any other drugs throughout the 3-month study period. In this study, each patient was his/her own control. Before and at the end of 3 months of amlodipine therapy, blood samples were collected from all study patients. Informed consent was obtained from each patient before selection into the study. The study protocol was approved by the ethical committee of Shizuoka General Hospital, Shizuoka, Japan. Coronary Angiography ---Coronary angiography with the acetylcholine provocation test was performed using the standard Judkins technique in all patients. Sample Collection, lipid, Lipoprotein and Fibrinolytic Function Determination ---At the beginning and after 3 months of amlodipine therapy, after at least 12 h of overnight fasting, blood samples were collected after the patients had been lying undisturbed in a supine position for at least 10 min. Blood was drawn by venipuncture. After collection, the first few milliliters of blood were always discarded. The blood was immediately drawn into three separate polypropylene syringes for the measurement of lipids, lipoproteins, fibrinolytic parameters, renin activity and noradrenaline levels. Blood samples intended for lipid and lipoprotein estimations were collected into sterile containers and allowed to clot, centrifuged, and thereafter the sera were separated and analyzed immediately. For the determination of fibrinolytic parameters, 9 parts of blood were mixed with 1 part of 3.13% sodium citrate solution. Plasma was separated by centrifugation at 3300 rpm for 15 min and was immediately frozen and stored at -70°C before analysis. The levels of total cholesterol (TC) and triglycerides (TG) were determined by enzymatic methods 10, 11) (Determiner TC, TG diagnostic kits from Kyowa Medex, Tokyo), then direct measurement of high-density lipoprotein cholesterol (HDLC) in serum 12) was applied (Determiner HDLC diagnostic kits from Kyowa Medex, Tokyo) using an automated procedure on a Hitachi 7450 (Hitachi Medical, Tokyo, Japan). The values of low density lipoprotein-cholesterol (LDLC) and very low density lipoproteincholesterol (VLDLC) were evaluated as previously described.
3) Plasma levels of the antigens of tissue plasminogen activator (t-PA), total and free plasminogen activator inhibitor-1 (PAI-1), and t-PA-PAI-1 complexes were determined by enzyme immunoassay (EIA) as described previously. [13] [14] [15] Briefly, t-PA antigens were measured employing a sandwich method by using monoclonal anti-t-PA antibody as a first antibody and polyclonal anti-t-PA antibody as a second antibody. The t-PA-PAI-1 complex in plasma was measured using monoclonal anti-PAI-1 antibody as a first antibody. The t-PA part of the t-PA-PAI-1 complex combined with anti-PAI-1 antibody was then complexed with anti-t-PA antibody, so that only t-PA-PAI-1 complex was detected and measured. In order to measure total PAI-1, excess amounts of t-PA were added to the plasma prior to the assay, which converted all the PAI-1 to the form complexed with t-PA. The concentration of free PAI-1 in the plasma was calculated by subtraction of the concentration of t-PA-PAI-1 complex from that of total PAI-1. The assays of t-PA, PAI-1 and t-PA-PAI-1 complexes were performed in duplicate. Plasma noradrenaline concentration was determined by high performance liquid chromatography. Plasma renin level was assayed using a Gammacoat 125 I plasma renin activity radioimmunoassay kit (INCSTAR, Stillwater, MN U.S.A.). Stastistical Analysis ---Changes in the measured variables before and after 3 months of amlodipine therapy were evaluated by a paired t-test. The relationships between lipids, lipoproteins and fibrinolytic parameters were explored using Spearman's rank correlation coefficient. Table 1 , the mean systolic and diastolic blood pressures were significantly decreased (p < 0.001) after amlodipine treatment. Heart rate was also decreased (p < 0.05) after amlodipine therapy. The mean values of age, body mass index, renin and noradrenaline recorded after amlodipine treatment were not significantly different from their pretreatment values.
RESULTS

As shown in
In Table 2 , the mean values of triglycerides, VLDL-cholesterol (p < 0.05), total PAI-1 (p < 0.01) and free PAI-1 (p < 0.05) were significantly reduced after amlodipine treatment. The values of total cholesterol, HDL-cholesterol, LDL-cholesterol, HDLC/ TC ratio, t-PA and t-PA-PAI-1 complex were not significantly different before and after amlodipine treatment. HDL-cholesterol positively correlated with t-PA-PAI-1 complex levels (r = 0.446; p < 0.05) after amlodipine treatment. No significant correlation was observed between the other lipid components and the fibrinolytic parameters.
DISCUSSION
The reduction in systolic and diastolic blood pressure showed that amlodipine was an effective antihypertensive agent in the treatment of hypertension in Japanese patients. The effectiveness of amlodipine therapy in reducing raised arterial blood pressurre has also been reported in Caucasian whites 1) and African hypertensives.
2) A decrease in heart rate observed in this study showed that amlodipine treatment was not associated with reflex tachycardia. Previous studies involving amlodipine therapy in a different population 2) and nitrendipine therapy in Japanese patients 16) showed that amlodipine had no effect and nitrendipine caused a non-significant increase in heart rate in hypertensive patients. The non-significant variation in the mean value of renin demonstrates that amlodipine has no direct effect on the renin-angiotensin system. The non-significant change in the mean values of total cholesterol, HDL-cholesterol, LDL-cholesterol and HDLC/TC ratio after amlodipine treatment in this study is consistent with previous findings by others. 3, 16) However, the reduction in the mean values of triglycerides and VLDL-cholesterol after amlodipine treatment, which is at variance with reports by previous workers, 3, 16) suggests that amlodipine therapy has beneficial lipid changes in Japanese hypertensive patients. A previous study in Values are expressed as mean ± standard deviation, the standard deviation is given in parentheses. * p < 0.05; * * p < 0.01; NS = Not significant. HDL = High density lipoprotein; LDL = low density lipoprotein; VLDL = Very low density lipoprotein; TC = Total cholesterol; HDLC = High density lipoprotein cholesterol. t-PA = Tissue plasminogen activator; PAI-1 = Plasminogen activator inhibitor-1. n = Number of patients the same population involving a different calcium channel blocker, nitrendipine, indicated a non-significant increase in serum triglyceride level in Japanese hypertensive patients. 17) This observation suggests that different calcium channel blockers seem to have variable effects on lipid levels in hypertensive patients, but this needs to be investigated further.
The significant reduction in total and free PAI-1 and the slight but non-significant increase in t-PA and t-PA-PAI-1 levels observed in this study showed that amlodipine caused enhanced fibrinolysis in Japanese hypertensive patients. The enhanced fibrinolytic activity may be due to a direct action of calcium channel blockade on vascular endothelium. 8) A previous report on nitrendipine treatment in Japanese hypertensive patients showed that nitrendipine caused impaired fibrinolysis (an increase in total PAI-1 activity), 17) further demonstrating the differential effects of these calcium channel blockers on the fibrinolytic system. Concerning the relationship between lipid levels and the fibrinolytic system in hypertensive patients, this study has shown that beneficial lipid change was related to enhanced fibrinolysis after amlodipine treatment in Japanese hypertensive patients, as confirmed by the positive correlation between HDL-cholesterol and t-PA-PAI-1 levels. The reductions in triglyceride and VLDL-cholesterol levels which coincided with similar reductions in total and free PAI-1 levels after amlodipine treatment in this study futher support the view that there is a complex interplay between triglyceride or VLDL-cholesterol and fibrinolytic function (PAI-1 levels) in hypertension. 18, 19) In conclusion, the results from this study show that amlodipine is effective for the treatment of hypertension and it does not cause reflex tachycardia in Japanese patients. The present study also showed that amlodipine treatment is a safe antihypertensive agent characterized by beneficial lipid changes (decreases in triglyceride and VLDL-cholesterol) and enhanced fibrinolysis (decreased total and free PAI-1) in Japanese hypertensive patients. The direct relationship between lipid levels and fibrinolytic function observed in this study has improved our understanding and knowledge of the pathogenesis of atherosclerosis during antihypertensive pharmacotherapy.
